were identified. Mean age was 74 years (range 61-85). Seven patients (66.7%) were taking aspirin in addition to clopidogrel. There was no significant bleeding seen in any cases at the time of bronchoscopy and no additional complications were identified during follow-up (at least 4 weeks; median follow-up 3 months). Conclusions: This series of 12 cases suggests that EBUS-TBNA can be performed safely by experienced operators in patients taking clopidogrel. Nevertheless, until larger prospective studies confirm this hypothesis, proceeding to EBUS-TBNA without first withdrawing clopidogrel should only be performed in situations where the risk of short-term thrombosis is believed to outweigh the (theoretical) risk of bleeding.
Patients presenting with an acute coronary syndrome without ST-segment elevation have higher major bleeding complication rates with clopidogrel than with aspirin alone [1] . The use of clopidogrel also increases the risk of hematoma at the time of pacemaker or implantable cardioverter-defibrillator implantation [8] , and increases hemorrhagic complications in patients undergoing cardiac surgery [9] . Although the use of aspirin is not associated with an increased risk of bleeding during transbronchial lung biopsy [10] , clopidogrel has been shown to significantly increase the risk of bleeding during bronchoscopy when transbronchial lung biopsies are performed [11] .
Premature discontinuation of clopidogrel therapy after drug-eluting stent implantation is associated with an increased risk of stent thrombosis [12] [13] [14] [15] [16] and other cardiovascular events including death [12] . It is therefore recommended that clopidogrel be continued for some low-risk medical procedures, such as esophagogastroduodenoscopy and colonoscopy [17, 18] . For higher-risk procedures (such as the endoscopic treatment of varices) it is recommended that the endoscopist liases with a cardiologist and stops the clopidogrel at least 7 days before the procedure [17] .
Endobronchial ultrasound-guided transbronchial needle aspiration (EBUS-TBNA) is a new, minimally invasive pulmonary procedure used to diagnose pulmonary diseases by allowing visualization and safe, highly accurate biopsies of intrathoracic structures during bronchoscopy [19, 20] . As the use of EBUS-TBNA continues to proliferate, new procedure-related complications are being reported [21] [22] [23] [24] . It is unknown whether clopidogrel increases bleeding complications during endobronchial ultrasound procedures.
Initial success with several patients for whom it was felt that the risk of stopping the clopidogrel before EBUS-TBNA outweighed the theoretical bleeding risk, led to a practice pattern of performing EBUS-TBNA in patients while they were on clopidogrel. We report 12 such patients, all of whom had no complications.
Methods
Cases were obtained by reviewing a prospectively collected quality improvement database from all consecutive pulmonary procedures performed by an interventional pulmonologist (D.R.S.) at the University of Calgary from July 1st, 2007 to April 1st, 2011. The majority of data points were entered into an SPSS file at the time of the procedure, including whether or not the patient was taking clopidogrel and any immediate complications (e.g. significant bleeding). Significant bleeding was defined as 1 5 ml and/or requiring interruption of the procedure and/or any specific intervention such as topical iced saline/epinephrine application. Procedure results and complications were entered at 6-8 weeks after the procedure. One additional case from a second interventional pulmonologist (P.M.) was included. No other cases of EBUS-TBNA in patients receiving clopidogrel were performed in our center in this time period.
EBUS-TBNA was performed on an outpatient basis under local anesthesia and conscious sedation without endotracheal intubation. Following airway examination, endobronchial ultrasonograpy was performed (BF-UC160F, Olympus Canada; Richmond Hill, Ont., Canada) followed by sampling of targeted lesions with a 22-or 21-gauge needle (NA-201SX-4022-C and 21-C; Olympus Canada) under direct ultrasound visualization. Rapid on-site evaluation of specimens was not performed.
Analysis of the database for research purposes was approved by the Calgary Health Research Ethics Board (Ethics ID: E-23801).
Results
From September 1st, 2009 to April 1st 2011, 12 cases were identified of EBUS-TBNA on patients who were taking clopidogrel ( table 1 ). Mean age was 74 years (range 61-85) and 7 patients (66.7%) were taking aspirin in addition to the clopidogrel. The first 6 cases were performed using a 22-gauge needle and the others with a 21-gauge needle.
A total of 24 lymph node stations and 2 lung masses were aspirated. A minimum of 2 and a maximum of 4 passes were made per lymph node station. A specific diagnosis was obtained in 8 of 12 (66.7%) patients, with the remaining 4 demonstrating benign nodal tissue which was confirmed upon follow-up or additional testing. No appropriate additional bronchoscopic samples were obtained other than bronchoalveolar lavage. One patient required repeat bronchoscopy after the discontinuation of clopidogrel so that transbronchial biopsies could be performed (case 4, chronic eosinophilic pneumonia).
There was no significant bleeding seen in any of the cases at the time of bronchoscopy. The mean follow-up period was 12.7 months (median = 3 months), with all patients followed up to at least 4 weeks after the procedure having no complications.
Discussion
To our knowledge, this series of 12 consecutive cases is the first report suggesting the safety of EBUS-TBNA in patients taking clopidogrel. We are also unaware of any reported cases of significant bleeding in this setting.
This finding is important as it has been previously demonstrated that clopidogrel increases bleeding when performing other bronchoscopic procedures such as transbronchial biopsies [11] . Perhaps it is not surprising that bleeding may be more problematic in a technique that by design traumatizes pulmonary and peribronchial blood vessels. During EBUS-TBNA, on the other hand, aspirates are done with a small (22-or 21-gauge) needle with direct ultrasound visualization of the structures being biopsied, making major vascular puncture unlikely. EBUS-TBNA also affords the option of using Doppler to look for blood vessels if there is concern regarding indeterminate structures seen on the ultrasound image.
It should be noted that these results may not be generally applied to standard (i.e. not EBUS-guided) TBNA, as vascular puncture may be more likely. Even without anticoagulation or antiplatelet agents, a randomized study noted no bleeding complications in the EBUS-TBNA group, but moderate bleeding occurred in 7.7% of standard TBNA cases [20] . Such differences may only be exacerbated in the presence of clopidogrel.
While our practice had consistently been to discontinue clopidogrel prior to EBUS-TBNA, cases are now performed without discontinuation in patients deemed at high risk of thrombotic events after careful consideration of the risk/benefit of each approach. EBUS-TBNA has been associated with extremely low rates of bleeding [25] . In fact, a case has even been reported of an uncomplicated/successful EBUS-TBNA sampling of a hilar lung mass obtained by traversing the pulmonary artery [26] . On the other hand, the risks associated with the discon- I n all cases, no significant bleeding was seen at bronchoscopy, no procedure-related complications occurred and clopidogrel dose = 75 mg once daily orally. ASA = Aspirin; CAD = coronary artery disease; CEP = chronic eosinophilic pneumonia; CVA = cerebrovascular disease; LN = lymph node; NCG = noncaseating granuloma; UIP = usual interstitial pneumonitis. tinuation of clopidogrel even for short periods of time can be significant in patients with recently placed bare ( ! 6 weeks) or drug-eluting ( ! 12 months) coronary stents, or in patients with a history of recurrent cerebrovascular events. Unfortunately, no effective bridging regimen exists for these indications, unlike the common practice in patients on oral anticoagulation for atrial fibrillation or mechanical heart valves.
Due to the significant limitations and small size of this case series, we cannot definitively conclude that EBUS-TBNA is safe in patients taking clopidogrel. The bronchoscopist was aware that the patient was taking clopidogrel at the time of bronchoscopy, and it is therefore possible that the attending physicians and the trainees involved in the procedures may have been more careful than usual with the positioning and manipulation of the needle. The operators involved also had extensive training and experience with this technique, which may have reduced the chance of complications to a greater degree than for a novice EBUS bronchoscopist. While the mean follow-up period was 12.7 months (median = 3 months), with no significant complication in any patients (all of whom had a follow-up of at least 4 weeks after the procedure), it is possible that subclinical mediastinal or intralymph node bleeding may have occurred in a delayed fashion.
In summary, we present 12 consecutive cases where EBUS-TBNA was performed in patients taking clopidogrel, all of which had no complications. This suggests that EBUS-TBNA can be performed safely by experienced operators in patients on clopidogrel. However, further research and experience in larger groups of patients will be needed to confirm this hypothesis. Until such time, proceeding to EBUS-TBNA without first withdrawing clopidogrel should only be performed in situations where the risk of short-term thrombosis is believed to outweigh the (theoretical) risk of bleeding.
